Background: Cholangiocarcinoma (CCA), or bile duct cancer, is incurable with a high mortality rate due to a lack of effective early diagnosis and treatment. Identifying cytoplasmic membrane proteins of invasive CCA that facilitate cancer progression would contribute toward the development of novel tumor markers and effective chemotherapy. Materials and Methods: An invasive CCA cell line (KKU-100) was stimulated using TNF-α and then biotinylated and purified for mass spectrometry analysis. Novel proteins expressed were selected and their mRNAs expression levels were determined by real-time RT-PCR. In addition, the expression of ALCAM was selected for further observation by Western blot analysis, immunofluorescent imaging, and antibody neutralization assay. Results: After comparing the proteomics profile of TNF-α induced invasive with non-treated control cells, over-expression of seven novel proteins was observed in the cytoplasmic membrane of TNF-α stimulated CCA cells. Among these, ALCAM is a novel candidate which showed significant higher mRNA-and protein levels. Immunofluorescent assay also supported that ALCAM was expressed on the cell membrane of the cancer, with increasing intensity associated with TNF-α. Conclusions: This study indicated that ALCAM may be a novel protein candidate expressed on cytoplasmic membranes of invasive CCA cells that could be used as a biomarker for development of diagnosis, prognosis, and drug or antibody-based targeted therapies in the future.
Introduction
Cholangiocarcinoma (CCA) is a malignant tumor of the biliary tract that has a high incidence in Southeast Asia, including Thailand (Srivatanakul et al., 2004; Sripa and Pairojkul, 2008) . Liver fluke (Opithorchis viverrini) infection, together with nitrosamine consumption are the main risk factors associated with cancer development (Chainuvati et al., 1976; Haswell-Elkins et al., 1992; Prayong et al., 2014; Yothaisong et al., 2014) . Numerous studies have attempted to explain the mechanisms of CCA and to discover its biomarkers. CYP39A1, RUNX2 and Oxidized Alpha-1 Antitrypsin have been associated with Cholangiocarcinoma progression (Khenjanta et al., 2014) . The ratio of cathepsin B to cystatin C in patient serum was investigated as a marker for CCA diagnosis (Monsouvanh et al., 2014) . FXYD3, GPRC5A, CEACAM5, MUC13, EPCAM, TMC5, and EHF were upregulated in intrahepatic CCA using microarray analysis which led to the molecular basic mechanisms of CCA (Subrungruanga et al., 2013) . Cytoplasmic membrane , Onrapak Reamtong 3 *
proteins are interesting targets that should be further investigated. In previous studies, several cytoplasmic membrane proteins were found to have important roles in the pathogenesis of cancers, eg. growth, invasion, metastasis and dissemination (Han et al., 2009; Wang et al., 2011) . Selectins, integrins and cadherins are surface proteins that have been widely studied in the pathophysiology of several cancers (Faca and Hanash, 2009; Bendas and Borsig, 2012) . PSMA (Prostate-Specific Membrane Antigen) is a cytoplasmic membrane protein that was first discovered by monoclonal antibody specific to the cell membrane of a prostate cancer cell line (Wright et al., 1995) . This marker had increased expression level in progressive malignant tumors. Human epididymis protein 4 (HE4) is another example of cytoplasmic membrane protein that was overexpressed in patients with ovarian carcinoma and has been proven to be a promising biomarker for certain types of ovarian cancers (Moore et al., 1999; Huhtinen et al., 2009 ). However, CCA still lacks an effective and specific tumor marker and it has a low responsiveness to anti-cancer drugs (Anderson et al., 2004) . Numerous investigations have been conducted on the cytoplasmic membrane of several cancer cells, however no attempt has been made to investigate protein expression on the cytoplasmic membrane of CCA.
In chronic and re-infection of O. viverrini, CCA development, and increasing levels of TNF-α have been frequently observed (Mon et al., 2009; Pinlaor et al., 2010) . TNF-α is the most important pro-inflammatory cytokine that is involved in cell growth, differentiation, and apoptosis (Cliffe et al., 2007) , and promotes invasiveness of cholangiocarcinoma via TNF-α receptor (TNFR) 2 (Tanimura et al., 2005) . Tumor necrosis factor receptor-associated factor 6 was highly expressed in lung cancer, which may be related to the lung cancer progression (Zhang et al., 2014) . TNF-α in saliva and serum was reported to be associated with oral cancer (Krishnan et al., 2014) . TNF-α in patient serum was found to be related to breast cancer tumors, and indicated cancer progression (Tripsianis et al., 2013) . Acacia ferruginea extract exhibits tumor inhibitory activity by reducing the level of TNF-α in animals (Sakthivel et al., 2013) . Several recent studies have confirmed that TNF-α plays an important role in cancer progression.
In this study, the cytoplasmic membrane protein profile of TNF α-induced invasive CCA cell line was analyzed and compared with a non-treated control using mass spectrometry. The mRNA level of the over-expressed novel protein was selected for validation by real time RT-PCR. A novel protein that presented the highest expression was further analyzed by Western blot analysis and immunofluorescence assay. The results presented here may facilitate improvements in the potential novel targets discovery for development of diagnosis, prognosis, and molecular targets for new drugs and antibody therapy in the future.
Materials and Methods

Culture of cholangiocarcinoma cell line
Non-invasive CCA cell line, KKU-100, was cultured in Ham F-12 (Gibco, USA), supplemented with 10% fetal bovine serum (FBS) (Biowest, France), 1X penicillin/ streptomycin (Biowest, France), at 37°C, 5% CO 2 and N2 balance. The medium was changed every two days. Once the cell growth reached 80% confluence, it was harvested by digesting with 0.25% trypsin-EDTA solution (Biowest, France).
MTT assay
To determine the effect of TNF-α on cell proliferation, a proliferation assay using 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Sigma, USA) was performed according to previous experiments with some modifications (Campling et al., 1991) . In brief, 100 μl of 7.5 x 10 5 cells/ml KKU-100 were seeded into 96 well culture plates (Nunc, USA) and then incubated with various concentrations of TNF-α (Prospec, USA) for 16-18 h. After this, 5 mg/ml MTT (Sigma, USA) was added to each well including one set of wells without cells as a control. The plate was incubated at 37°C for 3 h 30 min and then 150 μl DMSO (Amresco, USA) was added to dissolve a formazan crystal. Plates were covered with tinfoil and agitated on a shaking platform for 15 min. The absorbance was measured using a microplate reader (Sunrise Basic Tecan, Austria) at 590 nm with a reference filter at 620 nm.
Matrigel invasion assay
Matrigel invasion assay was performed according to the science advisory board website (www.scienceboard. net/resources/protocols). In detail, the matrigel (BD Bioscience, UK) was thawed on ice overnight and diluted to 1 mg/ml in cold serum-free Ham-F12 (Gibco, USA). A 100 μl of matrigel was applied into chamber of 24-well transwell (Corning Incoporated, USA) and incubated at 37°C for 4-5 h for gelling. Next, 100 µl of 1x 106 cells/ml KKU-100 was seeded into the transwell and subsequently TNF-α (Prospec, USA) was added at a final concentration of 0.1, 1, 10, and 100 ng/ml. The lower chamber of the transwell was filled with 650 μl of Ham-F12 (Gibco, USA) containing 1% FBS and 1X penicillin/streptomycin (Biowest, France) and subsequently incubated at 37°C for 24 h. For detection, cells were fixed with 3.7% formaldehyde in 1X PBS for 2 min and then permeabilized by 100% methanol at room temperature for 20 minutes. The transwell was washed with 1X PBS twice and stained with Giemsa (Sigma, USA) for 15 minutes. After washing with 1X PBS, non-invaded cells on the top of the transwell was removed by a cotton swab and invading cells were counted under a light microscope (Olympus, USA). Time-course analysis was performed by choosing optimal concentration (10 ng/ml) of TNF-α (Prospec, USA) and the number of invading cells were counted at different time points; 0, 6, 12, 24 and 48 h.
Isolation of cytoplasmic membrane
Cytoplasmic membrane of KKU-100 cell line was extracted using cell surface protein isolation kit (Thermo scientific, USA). KKU-100 was cultured in 75 cm 2 culture flask (Corning, USA) until reaching 70-80 % confluence and then incubated with or without 10 ng/ml TNF-α (Prospec, USA) for 24 h. After incubation, KKU-100 cells were labeled with thermo science EZ-link sulfo-NHS-SS-Biotin (Thermo, USA). The labeled cells were disrupted with a mild detergent and the labeled proteins were isolated with Neutravidin agarose resin (Thermo, USA). The bound proteins were released by incubation with SDS-PAGE sample buffer containing 50 mM DTT (GE Healthcare, UK) and used for further experiments.
Mass spectrometry
Isolated cytoplasmic membrane proteins of TNF-α treated and non-treated cells were size-separated on 12% SDS-PAGE, and subsequently stained with coomassie brilliant blue G250 solution (Biorad, USA). The gels were cut along the length into equal small cubes ( Figure  1 ) and then destained with destaining solution (50 mM NH4HCO3, 50% (V/V) acetonitrile (ACN)). The gels containing proteins were treated with 5 mM dithiothreitol (DTT) (GE Healthcare, UK) and alkylated with 250 mM iodoacetamide (IAM) (GE Healthcare, UK). Then the gels were incubated in the dark for 30 min, dehydrated with 200 ml ACN and digested with trypsin (100 ng/ml) (Sigma, USA). After tryptic digestion, the peptides were extracted from gel using 50% (V/V) ACN and dried by vacuum evaporator (Labconco, USA). Peptides were resuspended with 0.1% formic acid and then analyzed by MicroToF Q II mass spectrometer (Bruker; Bremen, Germany). The front end of the mass spectrometer was coupled with an Ultimate 3000 nano-LC system (Dionex; Surrey, UK). After separation, peptide fractions were automatically infused to mass spectrometer. The LC-MS/MS raw data files were processed and converted into the mascot generic file (.mgf) using DataAnalysisTM software, version 3.4. The .mgf files were searched using Mascot version 2.4.1 (Matrix Science, London, UK) against the SwissProt database (15 July 2014), which contained 546,000 sequence entries. Homo sapiens (human), containing 20,210 sequences, was set for the taxonomy filter. Missed cleavage was set to 1. Peptide tolerance and tandem MS tolerance were set to 1.2 Da and 0.6 Da, respectively. Fixed modification was set to cysteine carbamidomethylation and variable modification included methionine oxidation. The receiving proteins were compared between TNF-α treated and non-treated cells using exponentially modified protein abundance index (emPAI) ratio (Ishihama et al., 2005) . All reported emPAI values were the mean of three MS analysis replications. Protein hits from the MASCOT search with a minimum of at least 2 peptides and a minimum score of 20 were filtered as true identification for further analysis. The novel cytoplasmic membrane proteins with over-expression were selected for further validation.
SYBR Real Time RT-PCR
The total RNA from TNF-α treated and nontreated KKU-100 cells were extracted using the TriZol reagent (Invitrogen, USA) according to manufacturer's instructions. 5 μg of RNA were treated with DNase I (Thermo, USA) to eliminate any contaminating genomic DNA. After that, 1st strand cDNAs were constructed from the 1 μg DNA-free RNA template using 1st strand construction kit (Thermo, USA) according to manufacturer's instructions. Level of gene transcribes was determined by SYBR real-time PCR. The amplification mixture was composed of 2 μl of 1st strand cDNA, 1X SsoFastTM Evagreen® Supermix (Biorad, USA), and 500 nM of each forward and reverse primers. Primers for amplification of gene targets were designed using the Primer3 program (http://frodo.wi.mit.edu/primer3/). The sequences of primers are described in Table 1 . Amplification was performed with LightCycler® 480 system (Roche, USA) with cycles of 95°C for 3 min and 45 cycles of 95°C for 30 sec and 60°C for 10 sec. All samples were analyzed in duplicate. Expression level of each gene target was normalized with the housekeeping gene (Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)) using the formula of 2 -∆Ct (Livak and Schmittgen, 2001 
Western blot analysis
In this study, the activated leukocyte cell adhesion molecule (ALCAM) was significantly up-regulated in TNF-α treated KKU-100 cells. ALCAM protein expression level was evaluated with western blot analysis. KKU-100 cells were treated with or without TNF-α as mentioned above and then proteins were extracted by homogenizing in RIPA buffer (ingredient). Protein concentration was determined by Coomassie (Bradford) protein assay kit (Thermo, USA) according to manufacturer's instructions. The protein extracts were separated by 12% SDS-PAGE and electrically transferred onto PVDF membrane (Pall, USA). The membrane was blocked with 5% skimmed milk and then incubated with mouse anti-human ALCAM antibody (Biolegend, USA) or mouse anti-human β−actin antibody (Cell signaling, USA) at 4°C for 16-18 h. The following day, the membrane was washed 3 times with 1X PBST and then incubated with goat anti-mouse immunoglobulin (Ig) antibody conjugated with horseradish peroxidase (HRP) (Southern Biotech, USA). After washing, the membrane was incubated with chemiluminescent substrate (Pierce, USA) and the signal was monitored by ImageQuant LAS4000 mini (GE Healthcare, UK). Protein band intensity was determined by the ImageJ program (http://imagej.nih.gov/ij/) and then normalized with β−actin. The fold change was calculated by comparing TNF-α treated and non-treated KKU-100 cells. The experiment was independently performed in triplicate.
Immunofluorescence 1x10 5 cells of KKU-100 cells were placed on sterile 1.5 cm diameter slides cover slips (Thermo, USA) in 24-well culture plate (Nunc, USA) containing complete medium. Cells were incubated at 37°C, 5% CO 2 for 6 h to allow adherence and then treated with 10 ng/ml TNF-α for 16-18 h. Non-treated cells were used as control. Cells were fixed with 4% paraformaldehyde for 15 min at 4°C and subsequently blocked for 1 h with 5% bovine serum albumin (BSA) at room temperature. Mouse anti-human ALCAM or mouse anti-human β-actin at a dilution of 1:100 was applied on the cells and incubated for 16-18 h at 4°C. Next, cells were incubated with 1:200 goat anti-mouse Ig antibody conjugated with FITC for 1 h. Counterstaining of cell nuclei was performed by incubating with 1 μg/ml of 4', 6-diamidino-2-phenylindole (DAPI) (Sigma, USA). The fluorescent image was analyzed using a fluorescent microscope (Olympus, USA).
Antibody neutralization assay
1x10 5 cells of KKU-100 were seeded into transwell coated with matrix gel and then incubated with anti-human ALCAM antibody (R&D system, USA) at different concentrations, for 1 h at 37°C. Next, 10 ng/ml of TNF-α was applied and further incubated for 16-18 h, at 37 °C. Invading cells were stained with Giemsa and counted under light microscope (Olympus, USA) to determine % inhibition. Irrelevant antibody (IgG) was used as treatment control.
Data analysis
All sets of data were collected and analyzed for statistical significance using non-parametric t-test with a p value of <0.05 considered statistically significant. All results show the mean±SD of triplicate determinations in two different experiments.
Results
TNF-α does not induce proliferation of cholangiocarcinoma cell line but enhances cell invasion
According to the determination of TNF-α effect on proliferation of CCA, our results showed that TNF-α did not induce proliferation of KKU-100 cell line even after increasing dosage. The proliferation rate was equal when treated with TNF-α at the concentration of 0, 0.1 and 10 ng/ml but significantly decreased with higher concentration (100, 1,000 and 2,000 ng/ml) ( Figure 2A ). Not only cell proliferation was investigated in this study, the effect of TNF-α on CCA cell line invasion was also determined. Treatment of KKU-100 (non-invasive) cells with different doses of TNF-α (0.1, 1, 10 and 100 ng/ml) found that KKU-100 cells invaded through the matrix gel-coated membrane depended on dosage. Cell invasion initially occurred at TNF-α the concentration of 1 ng/ml, while the highest number of invading KKU-100 cells was at the concentration of 10 ng/ml with significant difference (p=0.023) when compared to control ( Figure  2B ). However, further treating KKU-100 cells with TNF-α at 100 ng/ml decreased level of cell invasion. The time- DOI:http://dx.doi.org/10.7314/APJCP.2015.16.9.3849 A Novel Cytoplasmic Membrane Protein in TNF-α Stimulated Cholangiocarcinoma Cells dependence of cancer cell invasion was also explored. KKU-100 cells were incubated with TNF-α (10 ng/ml) at different time points (0, 6, 12, 24 , and 48 h). The results showed that KKU-100 increasingly invaded the matrix gel coated membrane related to time of incubation. At 24 h the highest number of cell invasion was found (p=0.0021), which was used as the optimal time for further study ( Figure 2C ). When prolonging incubation period to 48 h, we found that the number of invading cells decreased compared to 24 h.
TNF-α induced changing of cytoplasmic membrane protein profiles of cholangiocarcinoma cell line
After treating the KKU-100 cell line with TNF-α 10 ng/ml for 24 h, enriched fractions of TNF-α induced and non-induced cytoplasmic membrane protein were isolated and further separated in 12% SDS-PAGE. The entire lane was excised into twenty pieces (Figure 1) . Each gel piece underwent tryptic digestion and was analyzed by mass spectrometry. Only proteins identified in all three MS analysis replications were reported. Proteomic analysis identified a total of 1,174 proteins, and 973 proteins (82.8%) were common in both noninduced and in the TNF-α induced cholangiocarcinoma cell line. Seven novel proteins were expressed in TNF-α induced cholangiocarcinoma cell line, and were selected for further analysis.
mRNA expression of novel cytoplasmic membrane proteins of TNF-α induced cholangiocarcinoma cell line
The levels of the 7 novel mRNAs: activated leukocyte cell adhesion molecule (ALCAM/CD166), complement decay-accelerating factor (DAF), transmembrane protein 33 (TMM33), membrane-associated progesterone receptor component-2 (PGRC2), junction plakoglobin (PLAK), transmembrane emp24 domain-containing protein 9 (TMED9), and protein disulfide isomerase family A member 3 (PDIA3) ( Table 2) in TNF-α induced and noninduced CCA cell line were analyzed by real time RT-PCR. The expression of these mRNA were 5.45, 2.76, 2.50, 2.26, 1.75 and 2.50 fold, respectively (Figure 3) .
Localization of ALCAM on the cytoplasmic membrane of cholangiocarcinoma cell line
Immunofluorescence was performed to confirm the expression level and location of ALCAM in KKU-100 cell line. Non-permeable cells were incubated with anti-human ALCAM antibodies and probed with secondary antibody conjugated with FITC. Results indicate that the higher fluorescent intensity presented on the surface of TNF-α induced KKU-100 cells compared to non-treated control 
Inhibition of ALCAM on surface membrane of cholangiocarcinoma cell line
There is no data available to suggest the role of ALCAM in progressive CCA. Therefore, this experiment aimed to investigate the function of ALCAM in facilitating invasion of CCA cell line using human ALCAM neutralizing antibody. However, no inhibitory effect of human ALCAM neutralizing antibody against TNF-α treated KKU-100 cells invasion was observed ( Figure 5 ). This indicates that ALCAM may not play a role in cell invasion in TNF-α treated KKU-100 cells line.
Discussion
Cholangiocarcinoma remains an incurable cancer because of a lack of tumor markers and the disease's low responsiveness to anti-cancer drugs (Anderson et al., 2004; Srimunta et al., 2012) . Although novel markers have been identified and evaluated in the past decades they remain insufficient. Determination of cytoplasmic membrane proteome may be a promising step towards the development of reliable diagnosis, prognosis, and drug design. Cytoplasmic membrane proteomics of several cancers have been identified (Kischel et al., 2008; Liu et al., 2010; Ziegler et al., 2014) , but not in CCA. In this study, 7 novel cytoplasmic membrane proteins in TNF-α inducible CCA cell line were detected by nanoLC/MS/MS. Initially, a proliferation assay with different concentration of TNF-α was performed to verify the effect of TNF-α on cell proliferation. The results showed that TNF-α did not affect cell proliferation but suppressed cell growth at high concentration (>100 ng/ml). Previous studies of other cancer cell lines have suggested that TNF-α is a pleiotrophic cytokine with dual roles in both cancer cell proliferation and apoptosis (Falkensammer et al., 2006; Kondo et al., 2008) . However, the irresponsiveness of TNF-α on CCA cell line (KKU-100) proliferation is still unclear and needs further investigation. Additionally, TNF-α can facilitate cancer cell invasion and has been investigated in breast cell lines (Ryu et al., 2011) and glioma cell lines (Bao et al., 2014) . The results of our invasion assay supported that TNF-α also affected invasiveness of CCA cell line with dose-and time dependence. This may be because TNF-α regulated the downstream signal proteins to mediate the cancer progression (Techasen et al., 2014) . The mass spectrometry results showed that several proteins were upregulated in TNF-α treated CCA cell line. Among these, only 7 novel proteins over-expression were observed in the TNF-α treated CCA cell line (ALCAM, DAF, TMM33, PGRC2, PLAK, TMED9 and PDIA3). ALCAM was the fascinating target that highly expressed both mRNA and protein and has not been reported in CCA. ALCAM/ CD166 activated the leukocyte cell adhesion molecule that plays important roles in leukocyte migration. Overexpression of ALCAM has been reported as prognostic biomarker in several cancers, including breast (Burkhardt et al., 2006) , prostate (Jiao et al., 2012) , colon (Hansen et al., 2013) , and pancreatic (Tachezy et al., 2012) . Jiao et al, suggested that up-regulation of ALCAM was associated with severe clinical manifestations including metastasis and castration resistant prostate cancers (CRPC) (Jiao et al., 2012) . Likewise, they demonstrated that ALCAM was highly expressed on the surface of prostate stem/ progenitor and cancer initiating cells (Jiao et al., 2012) . In melanoma, pancreatic-and prostate cancers, up-regulation of ALCAM is associated with invasion and metastasis (Jannie et al., 2012; Fujiwara et al., 2014; Hansen et al., 2014) . Our findings support these previous studies -ALCAM up-regulated both mRNA and protein levels when the CAA cell line was induced to invasive character. This may imply that ALCAM has a role associated with the invasion of CCA, similar to prostate cancer (Jiao et al., 2012) . The result of immunofluorescence found that ALCAM stained on the cytoplasmic membrane of CCA cell line correlated with increasing intensity in the cell treated with TNF-α. The location and increasing the expression of ALCAM in CCA cell line may suggest its roles in cell migration and invasion as found in other cancers (breast and pancreatic cancer) (Davies and Jiang, 2010; Fujiwara et al., 2014) . In melanoma, silencing ALCAM expression in high-ALCAM expressed cell line a showed reduction of cell motility and invasiveness (Jannie et al., 2012) . Moreover, blocking ALCAM with single-chain antibody inhibited invasiveness of breast cancer (Wiiger et al., 2010) . On the contrary, our results showed that blocking ALCAM with the antibody did not affect invasion of CCA even when increasing to very high concentrations. However, knockout of ALCAM gene did not interfere with prostate cancer progression (Jiao et al., 2012) , which implies that the role of ALCAM in cancer cell invasion may depend on the type of cancer. As mentioned in prostate cancer, ALCAM does not play role in cell invasion but may be a promising marker for prostate stem/progenitor and cancer initiating cells (Jiao et al., 2012) . The potential of ALCAM as a biomarker of stem/progenitor and cancer initiating CCA cells, including the role of the protein in CCA homeostasis needs to be investigated further.
In conclusion, seven novel cytoplasmic membrane proteome of invasive CCA were first discovered using antibody or IgG (control) before TNF-a treatment to investigate the inhibition of cell invasion mass spectrometry. Among these candidates, the overexpression of ALCAM was identified as the biomarker associated with invasiveness of TNF-α inducible KKU-100 cell line. This suggests that ALCAM might be a potential target for the development of diagnosis, prognosis, and anti-cancer drug against CCA in the future.
